The magnetic properties of the layered Ba n+1 Co n O 3n-1 Br (n=5 and 6) oxybromides Ba 7 Co 6 BrO 17- have been determined by means of magnetization measurements and neutron diffraction under variable magnetic field. For n=6, The magnetic phase diagram has been built on the basis of several features, including the notions of short range ordering, spin reorientation and spin-flop transitions. In those compounds, the competition between magnetic exchanges arise from to the existence of [Ba 2 O 2 Br]double-layers that separate perovskite 2D-blocks. The latter are dominated by ferromagnetic (FM) intra-exchanges while the inter-block exchanges are antiferromagnetic (AFM), but of the same order of magnitude than the perturbation created by the external field. It leads to a complex set of spin reorientations versus H and T. From the point of view of magneto-crystalline anisotropy, the AFM system with moments parallel to the c-axis turns into a FM system with moments aligned in the perpendicular (a,b) planes. The magnetic entropy is distributed within at least three competing phenomena, spread out in a wide range of temperature. In addition, the influence of the magneto-crystalline anisotropy on the magnetocaloric effect is unambiguously shown. PACS: 75.30.Sg Magnetocaloric effect, magnetic cooling 75.25.+z Spin arrangements in magnetically ordered materials (including neutron and spinpolarized electron studies, synchrotron-source x-ray scattering, etc.) 61.05.F-Neutron diffraction and scattering 75.30.Kz Magnetic phase boundaries including magnetic transitions, metamagnetism, etc. 75.60.-d Domain effects, magnetization curves, and hysteresis 3
I. Introduction
Nowadays, the need for low cost energy stimulates the development of better-adapted prototypes and/or to find new energy sources. Among them, extensive studies about the magnetocaloric effect (MCE) are being carried out since the discovery of a giant magnetocaloric effect in Gd 5 (Si x Ge 1-x ) 4 1 . The MCE is characterised by a temperature change of a magnetic material under an applied magnetic field 2 and is believed to be a good alternative for future magnetic cooling units 3 . In that frame, a large class of materials have been studied including intermetallics, La-Fe-Si and Gd-Si-Ge families, Mn/Fe-based arsenic materials and manganites compounds [4] [5] [6] . To our knowledge, the largest MCE has been found in the compound Mn 1.1 Fe 0.9 P 0.8 Ge 0.2 with 74 J/Kg.K around 255K 7 .
Quantitatively, from the thermodynamics and using the Maxwell formalism, the isothermal field-induced magnetic entropy change from 0 to H can be written as 8 where δT FWHM is the full width at half maximum of the field induced magnetic entropy change ΔS M (T).
Up to now, further routes are being investigated to find new materials showing MCE and/or RCP the highest as possible. One possible way to enlarge the RCP is to elaborate materials showing multiple magnetic transitions 9 . In the present paper, we suggest an another way taking advantage of the possible tuning of the magnetocrystalline anisotropy as already proposed by Isnard et al. 10 We report herein the fine magnetic investigation and the MCE effect of the 18R-Ba 6 Co 5 BrO 14- and  14H-Ba 7 Co 6 BrO 17- compounds 11 which belong to a series of hexagonal perovskite compounds recently isolated in the Ba-Co-O-X chemical systems (X=F, Cl, Br) 12 . Those compounds show disconnected 2D-blocks at both sides of central [Ba 2 O 2 Br] double-layers. They can also be described as n=5 and n=6 members of the series Ba n+1 Co n O 3n-1 Br, underlying the layer's aspect of the compounds. This topology is such that the nature of the exchanges between the blocks and the magneto-crystalline anisotropy is strongly depending on the external field. Strikingly, an external applied magnetic field promotes spin-flop and spin reorientation transitions which leads (i) to enlarge the full width at half maximum of ΔS(T) and then the refrigerant capacity and (ii) to tune the sign of the magnetic entropy. It follows that those compounds could . be considered as cooling or heating media at constant temperature depending on the amplitude of the applied magnetic field.
II. Experimental procedures
Neutron diffraction: Pure powder of Ba n+1 Co n O 3n-1 Br (n=5 and 6) compounds have been prepared as described in a previous work dedicated to the crystal structure of those recent compounds 11 . Their magnetic structures versus temperature, at zero field, have been refined from neutron diffraction (ND) data collected on the G41 diffractometer, =2.425 Å (LLB, Saclay, 5 France). The influence of an applied field has been investigated through different ND data sets collected at the high flux D1B diffractometer, =2.52 Å (ILL, Grenoble France). In a first experiment, an electromagnet with H<1.2 T was used on free powder. In a subsequent stage, we benefited of a cryo-magnet with H going up to 2.5 T, which was used on dense pellets. In both cases, the applied magnetic field was oriented vertically, that is to say perpendicular to the scattering vector. The temperature and applied field have been varied from 1.4K to 90K and from 0 to 2.5T, respectively. The magnetic structures refined at 1.4 K have already been shortly reported in a previous work 12 which corresponds to the moments pictured in the figure 1. We have reinvestigated the neutron diffraction data, not only at 1.4K, but also as a function of the temperature. In It is such that in the Rietveld refinements, our attempts to deviate the moments out of the c-axis under zero-field failed. As we will see in the next section, the concerned spin reorientation will be best characterized under an applied magnetic field.
V. Effect of an applied field
The magnetization plots observed in the figure 2 for the two compounds is consistent with the appearing of some kind of metamagnetism, likely present in those systems due to the strong disconnection between the blocks. The topology of the two compounds is such that the AFM interblock exchanges are weak compared to related "connected" systems. It was attempted to verify the existence of a field induced spin reorientation using ND under an applied field. Precisely, our main goal is to distinguish between two possible magnetic configurations that could occur under an applied field: (1) To lock the crystallite re-orientation, we decided to use, instead of free powder, some sintered pellets. However, we have not been not able to properly densify pellets of the tetrameric 
VI. Spin flop transition
In this section we will examine in detail the magnetization of the tetrameric compound, Ba 7 Co 6 BrO 17-δ, on the basis of the previously refined magnetic structures. Once more, it is clear from the figure 2 that phenomena occurring in this compound should be also qualitatively suitable for the parent trimeric Ba 5 Co 6 BrO 14-δ . Figure 9 represents the Zero Field-cooled M(T)/H for Ba 7 Co 6 BrO 17- under variable field. It enhances its strong field dependence. On cooling under 0.9
T, we recognize the two maxima briefly discussed for both compounds in the section IV.
i) The first one centred at T=56K corresponds to the Néel temperature and comforts the neutron diffraction experiment. However it displays a large broadening when the field increases Here, a competition between FM metal−metal bonding 24, 28 and inter-block AFM correlations may also occur. Then the magneto-crystalline anisotropy turns to become of the same order of magnitude than the applied magnetic field which explains such fascinating (H,T) phase diagram. Figure 13a shows the temperature dependence of the magnetic entropy S M (T,H) calculated using the temperature dependence of (M/T) H determined at H=0.9, 2 and 5 T, multiplied by the field (see equation 1). Distinct features depending on the temperature and field values are observed.
VIII. Magnetic entropy changes
They are analyzed considering the four magnetic phases described in the (H,T) phase diagram (H,T).. 15 Let remember that for FM materials a large peak centered at the Curie temperature is expected whereas a symmetrical-sign-reversed-phenomenon is expected at T N for AFM materials.
When the temperature decreases, S M (T, H=0.9T) shows a large distribution of sign. Two different structures are observed. At temperature higher than 40K, S M is first positive and then negative at 
IX CONCLUSIONS
The Note that intensity at 10K is higher than at 1.4K. 
